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Resume 
The paper deals with determination of principal mechanical properties and the investigation of fatigue 
behaviour of AZ91 magnesium alloy. The experimental material was made by squeeze casting technique and heat 
treated to obtain T4 state (solution annealing), when hard, brittle Mg17Al12 intermetallic phase is dissolved. The 
basic mechanical properties (Young’s modulus, ultimate tensile strength, yield strength, elongation to fracture 
and reduction of area) were determined by static tensile test. Furthermore, fatigue parameters were investigated. 
The S-N curve on the basis of smooth test bars tested under symmetrical push-pull loading at room temperature 
was  evaluated.  The  measured  data  were  subsequently  used  for  fitting  with  suitable  regression  functions 
(Kohout & Věchet and Stromeyer) for determination of the fatigue parameters. Fatigue limit σC of the studied 
alloy  for  10
8  cycles  is  approaching  50 MPa.  In  addition,  the  fracture  surfaces  were  observed  by  scanning 
electron microscopy. The failure analysis proved that the striations were observed in fatigue crack propagation 
area and in the area of static fracture was observed the transgranular ductile fracture. The structure of the 
studied alloy in the basic state and after heat treatment was observed by light and scanning electron microscopy. 
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1. Introduction 
Magnesium  alloys  are  actually  used  for 
production  of  sport  accessories,  mobile  phones  or 
computers,  but  more  important  applications  are  in 
automotive  and  aerospace  industry  [1,  2],  therefore 
the  determination  of  their  mechanical  and  fatigue 
properties  is  quite  crucial.  Low  density,  excellent 
room  temperature  strength,  rigidity  and  good 
machinability [3] can be named among its advantages. 
Disadvantages  of  magnesium  alloys  are  the  low 
modulus of elasticity and high magnesium reactivity, 
which  poses  high  claims  on  the  magnesium  alloys 
preparation [4]. 
The  AZ91  magnesium  alloy  is  the  most 
popular  commercially  available  magnesium  alloy. 
This  alloy  shows  perfect  castability  and  good 
mechanical properties combined with good corrosion 
resistance for the high purity version of the alloys [5]. 
The  AZ91  magnesium  alloy  is  usually  further 
processed by solution annealing. Typical application 
include valve covers, transmission casings etc. [4-6]. 
To get castings with high quality surface, fine 
cast structure and minimum porosity means to use the 
squeeze casting method. It is two-step alternative of 
pressure casting. [1]. 
The  aim  of  the  work  is  to  obtain  basic 
mechanical parameters of the AZ91 magnesium alloy 
in  the  basic  state  (as  delivered)  and  after  T4  heat 
treatment, i.e. after solution annealing. Next mission 
consists in evaluation of the S-N curve on the basis of 
smooth test bars tested under symmetrical push-pull 
load  in  force  control  regime  at  room  temperature. 
Subsequently  the  analysis  of  fracture  surfaces 
incurred after representative number of loading cycles 
was performed. 
 
2. Description of experiment 
2.1. Experimental material 
The  AZ91  magnesium  alloy  produced  by 
squeeze  casting  method  under  pressure  50  and 
150 MPa  was  used in the present study. The casting 
was shaped as a block dimensioned 100 x 100 x 56 mm. 
Its chemical composition, measured by glow discharge 
optical  emission  spectroscopy  (GDOES)  using 
Spectrumat GDS-750 device, is given in Table 1. 
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Tab. 1 
Chemical composition (in wt. %) of the test Mg-alloy 
Al  Zn  Mn  Fe  Mg 
8.2  0.72  0.22  0.005  rest 
 
The microstructures of this alloy without and 
with T4 heat treatment (413 °C/16 hours) obtained by 
scanning electron microscopy PHILIPS XL-30 device 
are shown in Figs. 1 and 2. 
 
 
Fig. 1. Microstructure of the AZ91 alloy (squeeze 
casting), picric acid solution, SEM 
 
 
Fig. 2. Microstructure of the AZ91-T4 alloy (squeeze 
casting), picric acid solution, SEM 
 
The local chemical analysis by EDX found out 
that  the  structure  of  alloy  without  heat  treatment  is 
composed of solid solution δ where the intermediate 
phase γ (Mg17Al12) has been precipitated in the shape 
of discontinuous precipitate with eutectics δ + γ (see 
Fig. 1).  During  heat  treatment  the  hard  brittle 
intermetallic phase Mg17Al12 was dissolved. It means 
the microstructure, which is shown in Fig. 2, consists 
of solid solution δ and inclusions based on Mn. 
2.2. Results 
Cylindrical  bars  of  6 mm  in  diameter  were 
used for tensile tests. The results of static tensile tests 
(proof stress Rp0.2, UTS Rm, elongation to fracture A 
and reduction of area Z) are given in Table 2 for both 
states: with and without heat treatment. 
 
Tab. 2 
Static mechanical properties of the tested AZ91  
Mg-alloy together with Young’s modulus 
  E 
[GPa] 
Rp0,2 
[MPa] 
Rm 
[MPa] 
A  
[%] 
Z  
[%] 
AZ91   43.3  115  175  1.9    2.7 
AZ91–T4  43.1   95  235  9.1  10.4 
For  fatigue  loading  the  test  bars  of  6 mm  in 
diameter were used for low-cycle as well as for high-
cycle  region.  Fatigue  tests  were  conducted  using  a 
servohydraulic  PC  controlled  Instron 8801  machine. 
Strain was measured with an axial extensometer with 
a base length of 12.5 mm. All fatigue test bars were 
loaded  in  the  regime  of  controlled  force  with 
sinusoidal  symmetrical  push-pull  loading  cycle 
(parameters of loading cycle asymmetry were R = -1, 
i.e. P = 1). Fatigue tests were performed at frequency of 
3 Hz at room temperature. 
Fig.  3  shows  the  dependence  of  stress 
amplitude on the number of cycles to fracture (S-N 
curve)  in  a  more  frequent  semi-log  coordinates.  
The  frequency  of  loading  for  the  stress  amplitude 
from 70 to 50 MPa was 20 Hz. 
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Fig. 3. The comparison of S-N curves using 
the Stromeyer and the K+V functions 
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Experimentally  measured  data  (see  Fig. 3) 
were fitted with two regression functions [7]: 
the Kohout & Věchet function (K+V): 
b
C N
N
N 





+
= ∞ σ σ ) (   (1) 
and the Stromeyer function:  
∞ + = σ σ
b N a N) (   (2) 
where a, b, C a σ∞ – regression parameters, N – cycles 
to fracture, σ – stress [MPa]. 
The  values  of  regression  parameters  of  both 
functions  together  with  the  sums  S  of  squares  of 
deviations  are  presented  in  Table 3,  together  with 
fatigue limit values σC for 10
8 cycles. 
 
Tab. 3 
The values of regression parameters 
Function 
a  
[MPa] 
b 
 [-] 
C  
[-] 
σ∞ 
[MPa] 
σC 
[MPa] 
S 
[MPa
2] 
K + V (1)  –  –0.1664 1008631  53.6  53.7  562.1 
Strom. (2) 673.72 –0.2345  –  36.5  45.5  650.0 
2.3. Fractography 
An  analytical  scanning  electron  microscope 
PHILIPS XL-30 device was used for the observation 
of  the  fracture  surfaces  of  the  specimens  tested  in 
cyclic  loading.  For  fractography  analysis  four 
representative  numbers  of  loading  cycles  were 
selected.  The  overall  view  of  fracture  surface  of 
specimen  loaded  by  symmetrical  push-pull  loading 
with  constant  stress  amplitude 120 MPa  and  the 
number of cycles to fracture Nf =10.784 is shown in 
Fig. 4a). There are two fatigue crack initiation areas. 
The details of these places are shown in Fig. 4b) and 
Fig. 4c).  Striations  observed  in  fatigue  crack 
propagation area is presented in Fig. 4d). 
Fig. 5a) shows the complete appearance of the 
fracture surface of the test bar loaded with constant 
stress  amplitude   100 MPa,  the  number  of  cycles  to 
fracture Nf = 24.710. The fatigue crack initiation site, 
the  fatigue  crack  propagation  area  and  the  static 
fracture  are  clear  there.  A  detail  of  fatigue  crack 
initiation site is in Fig. 5b). Striations were observed 
in fatigue propagation area (see Fig. 5c). 
The fracture surface (σa = 80 MPa) is in Fig. 6. 
In  Fig.  6a)  with  general  view  the  area  of  gradual 
propagation  fatigue  crack  and  static  fracture  is 
evident.  Fig.  6b)  shown  detail  of  fatigue  crack 
initiation and Fig. 6c) shown the fatigue striations on 
the fracture surface. 
 
 
 
 
Fig. 4. Appearance of fracture surface, 
σa = 120 MPa; SEM, a) complete appearance, 
b) and c) details of fatigue crack initiation sites, 
c) striations on fracture surface 
a) 
b) 
c) 
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The overall  view of  fracture  surface of  test bar  
(σa = 70 MPa) is featured in Fig. 7a) and the detail of 
fatigue initiation site in Fig. 7b). Fig. 7c) shows the 
details of fatigue propagation area where the striations 
were observed. 
 
 
 
 
Fig. 5. Appearance of fracture surface, 
σa = 100 MPa; SEM, a) complete appearance,  
b) detail of fatigue crack initiation site, 
c) striations on fracture surface 
 
3. Discussion 
During  the  solution  annealing  of  AZ91 
magnesium alloy the hard brittle intermetallic phase 
Mg17Al12  was  dissolved.  Thus,  the  microstructure 
after  heat  treatment  (see  Fig. 2)  consisted  of  solid 
solution δ and inclusions based on Mn. 
The  results  of  static  tensile  tests  show  that 
solution  annealing  causes  a  significant  increase  in 
ultimate strength, elongation to fracture and reduction 
of  area  accompanied  by  a  slight  reduction  in  yield 
point, which is due to local coarsening grains. 
Fatigue  tests  were  performed  at  constant 
frequency  of  3  Hz.  The  frequency  of  loading  for 
the stress amplitude from 70 to 50 MPa was 20 Hz. 
 
 
 
 
 
Fig. 6. Appearance of fracture surface, σa = 80 MPa; 
SEM, a) complete appearance, b) detail of fatigue 
crack initiation site, c) striations on fracture surface 
 
a) 
b) 
a) 
b) 
c) 
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Fig. 3  shown  the  dependence  of  stress 
amplitude on the number of cycles to fracture (S-N 
curve) in a more frequent semi-log coordinates. For 
stress  amplitude  70 MPa  slight  discontinuity  is 
apparent, which is probably caused due to the increase 
of the frequency of loading. 
 
 
 
 
Fig. 7 Appearance of fracture surface, σa = 70 MPa; 
SEM, a) complete appearance,  b) detail of fatigue 
crack initiation site, c) striations on fracture surface 
 
Observations of fractures after the cyclic loading 
of the analysed alloy confirmed that fatigue initiation 
site is usually situated on the surface of the test bar. 
There are three stages on the fracture surface, i.e. fatigue 
crack initiation area, fatigue crack propagation area, and 
static fracture. On fracture surface of specimen loaded 
with constant stress amplitude 120 MPa were founded 
out two fatigue crack initiation sites (see Fig. 5a). In the 
area of static fracture the transgranular ductile fracture 
was  observed  while  the  striations  were  observed  in 
fatigue propagation area. 
 
4. Conclusions 
1.  AZ91  magnesium alloy  has been heat treated to 
the final T4 condition (i.e. solution annealing) for 
16 hours at 413 °C. Using metallographic analysis 
it was investigated that solution annealing leads to 
dissolution of the Mg17Al12 intermetallic phase. 
2.  The  influence  of  solution  annealing  is  evident 
from the results of static tensile tests. Comparing 
the  resulting  values  of  tensile  tests  of  materials 
with and without heat treatment it was found out 
that after solution annealing ultimate strength Rm 
and deformation characteristics, i.e. elongation to 
fracture A and reduction of area Z increase. 
3.  The  Kohout  &  Věchet  (K+V)  function  is  more 
representative of the behaviour of Mg-alloy in the 
high cycle region and the Stromeyer function has 
a slightly higher value of the parameter S (sum of 
squares) which means worse fit. Fatigue limit of 
the studied alloy determined by the K+V function 
for 10
8 cycles to fracture is σC = 53.7 MPa. 
4.  The failure analysis proved that fatigue initiation 
site is usually on the surface of the test bar and the 
decreasing  stress  amplitude  increases  the  fatigue 
crack propagation area. 
5.  There are three stages on the fracture surface, i.e. 
fatigue crack initiation area, fatigue crack propa-
gation area, and static fracture. In the area of static 
fracture  the  transgranular  ductile  fracture  was 
observed.  
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